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As privileged structural cores, quinazoline-based chemistry has been recognized as one of hot topics in the community of organic synthesis due to its ubiquity in many bioactive pharmaceuticals and agricultural chemistry molecules.
1
For example, Erlotinib and Getinib are well-known lung cancer drugs.
2 Trimetrexate has been used in the treatment of pneumocystis pneumonia 3 and Prazosin is used for curing high blood pressure 4 ( Fig. 1 ). To date, it is reasonable that a particular and intensive emphasis has been place on the development of synthetic methodologies and the further bioactivity evaluation of the quinazoline architectures. Classical protocols prefer the use of condensation reactions between carbonyl-containing compounds and amines.
5
With the development of modern organic synthesis, transition metal-catalyzed transformations (especially, copper and palladium) have been accepted as an efficient alternative method for the synthesis of quinazolines. 6 Our group initiated studies on the development of this synthetic methodology since the year of 2009 and various 2,4-functionalized quinazolines were achieved via palladium-catalyzed C-O bond activation (Scheme 1a).
7
As an extension of our program, we were then pleased to discover that the quinazoline core is an efficient directing group in transition metal-catalyzed C-H functionalization (Scheme 1b). According to our ndings, its directing properties are distinctive from that of pyridine and quinolines, and the regioselectivity observed in the palladium-catalyzed mono-iodination and monoarylation of 2-phenylquinazolines specically leads to the H 2 -functionalized product (Scheme 1b).
8 Recently, amidation of 2-phenylquinazolines was also explored by our group using rhodium catalysis. 9 In the reactions, sulfonyl azide was used as a nitrogen source and diamidation was mainly observed. Similar with our previous results, this rhodium-catalyzed monoamidation was also regioselective, predominately giving the H 2 -functionalized products (Scheme 1b). The mono-amidation of the C-H 2 bonds can be regulated using 2-phenylquinazolines with steric hinderance at the 2-phenyl group as the substrate. Acceptably, rhodium catalysis is one of versatile and powerful tools used in the formation of carbon-carbon bonds and carbon-heteroatom bonds. 10 In particular, rhodium catalysis plays a critical role in direct C-H functionalization, where the rhodium catalyst is readily inserted into C-H bonds due to its stronger electrophilicity.
11 Encouraged by that mentioned above and our continuous interest in quinazoline-based chemistry, we would like to develop more rhodium-catalyzed quinazoline-based transformations and then further evaluate the bioactivities of the resulting quinazoline derivatives. We therefore focused our attention on rhodium-catalyzed malonation using diazomalonates as the reaction partners, where a rhodium carbene was designed as the key intermediate (Scheme 1c).
To verify this projected transformation, we selected the reaction of 2,4-diphenylquinazoline 1a and ethyl diazomalonate 2a as a model reaction. In our preliminary trials, a product was detected with high efficiency when the model reaction was carried out using 1 mol% of [Cp*RhCl 2 ] 2 , 5 mol% of AgOTf, and 3 equiv. of diazomalonate in ethanol at reux (Table 1 , entry 1). Structural identication of the product by NMR, HRMS and Xray diffraction revealed that the double malonated quinazoline 3a was observed and that dimalonation took place in the rhodium-catalyzed reaction of 2-phenylquinazoline 1a and ethyl diazomalonate 2a. The mono-malonation product 4a was not detected at all. We thought the observation was probably attributed to the use of excess of diazomalonate 2a. As a result, the reaction with 1.1 equiv. diazomalonate 2a was conducted under the standard conditions. However, we were surprised to nd the unique occurrence of dimalonation of 2-phenylquinazoline 1a with high specicity, producing 3a in 32% yield (Table 1 , entry 2). Based on the information in hand, it was conrmed that the double malonations mentioned here were stepwise and the second malonation was faster than that of the rst one. This double C-H functionalization was not observed in our previous 2-phenylquinazoline-based transformations.
8
This result prompted us to optimize the reaction conditions (see ESI †). Changing silver triate to other silver salts greatly affected the yield of the reaction. When silver acetate was used as the additive, the reaction completely failed (Table 1 entry 3) . Additionally, silver tetrauoroborate drastically retarded the reaction and a 25% yield of product was obtained (Table 1 , entry 4). Increasing of loading of silver triate had a slight impact on the outcome of the reaction (Table 1 , entry 5). The reaction was unfavorable when the loading of the rhodium catalyst was increased to 5 mol% and an inferior yield was afforded (Table 1 entry 6). To our surprise, the use of another rhodium catalyst exerted a great impact on the reaction. When the rhodium catalyst was switched to [Cp*Rh(BF 4 ) 2 ] 2 , the reaction did not occur (Table 1 , entry 7). Decreasing the reaction temperature was also unfavorable, resulting in product 3a in 64% yield with no mono-malonation product 4a isolated ( Table 2 .
From the results in Table 2 , a series of substituted dimalonated 2-phenylquinazoline 3 were achieved as expected. The electron-withdrawing/donating effects of the 2-phenyl group of the quinazolines drastically affected the yields of the reactions. In the reactions, the substrates attached a 2-phenyl group bearing electron-rich groups were more efficient than that of electron-decient groups. For examples, the reaction of 2-(4-N,N-dimethylaminophenyl)quinazoline 1d with diazomalonate 2a produced the corresponding product 3d in 99% yield, while the reaction of 2-(4-triuoromethylphenyl)quinazoline 1f gave the product 3f in 80% yield. The electron-withdrawing/donating effects of the R 2 substituent slightly inuenced the results. The corresponding products 3j-3n were delivered in excellent yields. To our delight, the R 2 substituent could be expanded to the methyl group, yielding the desired product 3o in 83% yield. The steric hinderance of the substrate was also explored in the reaction. According to our previous ndings, double C-H functionalization can be regulated by the use of sterically hindered 2-phenylquinazolines. 9 Interestingly, the reaction of 2-(3-methyl)phenylquinazoline 1p still gave rise to the dimalonated product 3p in moderate yield, although the reaction of 2-(2-methyl)phenylquinazolines provided the mono-malonated product 3q. A heterocyclic unit at the 2-position of the quinazoline was also compatible in this reaction (entry 3r).
The effect of the 2-diazomalonates was then explored. The corresponding 2-diazomalonate product 3s was obtained in a yield of 78%, when 2-diazo-malonic acid dimethyl ester 2b was reacted with 1b. However the reactions of 2-diazo-malonic acid dipropyl 2c and 5-diazo-2,2-dimethyl- [1, 3] dioxane-4,6-dione 2d gave only trace amounts of the desired products (not listed in Table 2 ). The reactions of 2-diazo-3-oxo-butyric acid ethyl ester 2e and diazo-phenyl-acetic acid ethyl ester 2f gave a complex mixture of products. Table 2 Dimalonation via a rhodium-catalyzed double C-H functionalization of 2-phenylquinazolines with diazomalonates a a Isolated yield based on quinazoline 1. In order to achieve selective mono-malonation, we tried to install a TMS group at one of the ortho positions of 2-phenylquinazoline, which could then be removed using TBAF in a subsequent step. Thus, 2-(4-methyl-2-trimethylsilanyl)phenyl-4-phenyl-quinazoline (1t) was synthesized in our laboratory. When 1t was reacted with 1b, the mono-malonated product 3t was not obtained. However, the TMS group was removed and the reaction gave the double malonated product 3b in a yield of 63%.
To understand the possible mechanism, several control experiments were carried out ( Table 3 ). As mentioned above, when reducing the equivalent of diazomalonate 2a, the dimalonated product 3a was uniquely detected in 32% yield. The reaction of the as-prepared product 4a with diazomalonate 2a under the standard conditions provided the desired product 3a in 90% yield. The reaction of 1b with a mixture of 2a and 2b (1 : 1) gave a mixture of 3b (36%) and 3v (51%), and a trace amount of 3s. This information indicates that the double malonation was stepwise and the second malonation was faster than that of the rst one. The reaction using 2-tert-butylquinazolines 1u did not produce the corresponding desired products. As illustrated in Scheme 2, the migration insertion of the rhodium carbene into the rhodium-carbon is the key step in the process.
In conclusion, we have developed a novel rhodium-catalyzed dimalonation of 2-phenylquinazolines with diazomalonates with high efficiency and a good tolerance of functional groups. In this reaction, only 1 mol% of the rhodium catalyst was required. This protocol represents the rst rhodium-catalyzed examples using the quinazolines as the directing group in the dimalonation reaction via double C-H functionalization. The application of the quinazoline as a directing group in other C-H functionalization is currently underway in our laboratory.
